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2.0

INTRODUCTION

This Supplemental Alternatives Evaluation is being
prepared to provide information regarding a fourth alternative for the third
operable unit at the Kummer Sanitary Landfill (Site). The alternative under
consideration deals strictly with the treatment technology for extracted
groundwater at the Site. This technology would be proposed in the event that
bioremediation is determined not to be feasible for groundwater treatment at the

Site.

BACKGROUND

Remedial actions at the Site have been broken into three
operable units:

Operable Unit1 = Northern Township Municipal Water System
Operable Unit2  Source control (capping) of the landfill

Operable Unit3  Contaminated groundwater management



Operable Units 1 and 2 are being addressed separately by
the regulatory agencies and the Potentially Responsible Parties (PRPs) and are
not included in this evaluation. The third operable unit was evaluated in the Site
Feasibility Study (FS) prepared for the Minnesota Pollution Control Agency
(MPCA) in July 1990 and in the Record of Decision (ROD) prepared by US EPA
and signed on September 29, 1990.

The groundwater remedial action objectives stated in the FS

are to:

1.  Provide a safe drinking water supply for down-gradient residents.

2.  Prevent significant impacts on surface water quality.

The first objective is being met with the anticipated
completion of connections by this summer, by operable unit one. The second
objective, if applicable, is to be met by installation of the landfill cap and the

-groundwater extraction and treatment system.

The groundwater contamination consists of low level
volatile organic compound (VOC) contamination as well as some inorganic
parameters that exceed primary and secondary drinking water criteria at some
locations sampled. The selected remedy in the ROD consisted of groundwater

extraction, lime softening to remove inorganic contaminants and advanced
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oxidation process (AOP) followed by a granular activated carbon polish for VOC
removal. Based on recent evaluation of the selected remedy by the PRPs for the
Site, an additional alternative is being proposed for consideration.

PROPOSED ALTERNATIVE

The proposed alternative groundwater treatment consists of
groundwater extraction as selected in the ROD, followed by pH adjustment and
coagulation/flocculation for iﬁoréanics removal and air stripping for organics
removal. The treated groundwater recharge alternative selected in the ROD
would be retained if the dity discharge system is unavailable. In order to address
potential air emission concerns stated in the FS, a screening evaluation of air
stripper exhaust gases was performed which shows that VOC emissions will be
well below 10 exposure levels and in conformance with OSWER Directive
9355.0-28. The Directive was provided by the MPCA as the criteria document for
ambient impacts at the Site. Groundwater extraction, inorganics treatment and

recharge are described in the FS and the ROD and will not be repeated here.

The treatment technology being proposed for VOC removal

is air stripping. Figure 1 illustrates the schematic diagram of the proposed

treatment system. In order to verify adequate removal of VOCs from
groundwater and insignificant ambient impact, a conservative estimate of

influent VOC concentrations was utilized based on the highest concentrations of
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the VOC parameters at the Site. Following is a list of the concentrations utilized
for the purpose of this estimate and a comparative list of the influent

concentrations used in the FS:

Concentration Concentration
Compound for Evaluation (ug/l) From FS (ug/)
Benzene 6.0 40
Tetrachloroethene 12.0 -
Trichloroethene 6.8 -
Trans-1 ,2-Did116roethene . 35.0 5.0
Vinyl Chloride 94.0 33.0

3.1 GROUNDWATER TREATMENT

Based on the influent concentrations evaluated, a
preliminary design of an air stripper has been identified. Table 1 presents the
conceptual specifications for the air stripper and includes the specifications
presented in Table 3.6 of the FS. Based on the conceptual design evaluated,
treated effluent will be below Maximum Contaminant Levels (MCLs) for the

' VOCs identified. Table 2 lists predicted effluent and exhaust gas VOC
concentrations based on the proposed air stripper design. Actual concentrations
will be less than these estimates based on anticipated actual influent

concentrations.



TABLE1

AIR STRIPPER SPECIFICATIONS
KUMMER SANITARY LANDFILL, BEMIDJI, MINNESOTA

Parameter Proposed Desi FS Design
Hydraulic Capacity 100 gpm 100 gpm
Diameter 30 inches . 24inches
Packing Height 13 feet 8 feet
Air Flowrate 700 ofm 400 cfm

Air : Water Ratio 50:1 30:1



TABLE 2

AIR STRIPPER EFFLUENT AND
EXHAUST GAS COMPOUND CONCENTRATIONS
KUMMER SANITARY LANDFILL, BEMIDJI, MINNESOTA

Liquid Inflow Rate 100 gpm
Air Inflow Rate 700 cfm

Off-Gas
Influent Effluent Off-Gas Off-Gas Concentration
und Mole Weight Liquid Conc. Liquid Conc, Mass of Contaminant Mass of Contaminant Contaminan
(gm/mole) (ugfl) (ugfl) (#/day) (#lcf) (PPM)
Tetrachloroethene (PCE) 166 12.0 0.33 1.40E-02 1.39E-08 0.0312
Trichloroethene (TCE) 13 68 6.16 7.97E-03 791E-09 0.0225
Trans-1,2-Dichloroethene (tDCE) 97 350 0.64 4.13E-02 4.09E-08 0.1574
Vinyl Chloride 63 940 1 1.12E-01 1.11E07 0.6558
Benzene 78 6.0 0.18 6.99E-03 6.93E-09 0.0331

153.8 23 1.82E-01 1.80E-07 0.9000
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3.2 EXHAUST AIR TREATMENT

A detailed evaluation of potential air emissions from the air
stripper exhaust will be conducted during the remedial design phase of the
program. Estimated air emissions will be evaluated in conjunction with stack
height and acceptable risk levels to confirm no significant ambient impact. Based
upon verbal discussions with USEPA and MPCA, catalytic incineration of the
exhaust gases was also evaluated and determined to be feasible, if required. A
paper discussing the feasibility of catalytic incineration of halogenated organic
chemicals is attached as Appei\d& A. However, the scope and costs were not
included because the estimated concentrations of VOCs in the exhaust gases are
well below any adverse risk levels as utilized by USEPA and MPCA as
demonstrated on Table 3.

PROPOSED ALTERNATIVE ANALYSIS

The proposed alternative of coagulation/flocculation
followed by air stripping are evaluated based on the nine criteria used for

_evaluating remedial alternatives.



2. Attainment considerations -
VOC air emissions are "de minimis" with respect to PSD (0.033 TPY vs 40.0),
"minor” under the CAAA (0.033 TPY vs 10), and not significant with respect to
OSWER Directive 9355.0-28 (0.0076 Ib/hr vs 3.0).
The following table contains individual emission estimates:
Compound Emissions (Ib/hr) Emissions (TPY)
PCE 584 x 1074 2.56 x 1073
TCE 332x10% 1.46 x10°3
TDCE 1.72x10°3 7.52 x 1073
Vinyle Chloride 4.65x10°3 2.04 x 1072
Benzene 291 x10 128 x103
TOTAL 0.0076 0.033
3. Ambient Impact Analysis
A. Risk - based compounds
The individual and aggregate maximum ground level concentrations, at the
nearest property boundary, are 60 x 7700 x less the RsD safe levels.
Stack Parameters: H=30'=92M x=100M d=0.76M
T = ambient (293°K) V¢ =0.72 mps
Screening Model: SCREEN (USEPA)
(mg/m3)
Maximum Maximum RsD Fractional
Compound  1hr conc Am. Cong.! Safe Levels? Impact3
PCE 0.11 0.0028 21.0 0.00013
TCE 0.062 0.0016 7.7 0.00021
Vinyl Chloride 0.87 0.022 14 0.0157
Benzene 0.054 0.0014 12 0.0012
Aggregate Total 0.017
vs 1.0

TABLE3
AIR STRIPPER EXHAUST GAS

IMPACT/COMPLIANCE EVALUATION
KUMMER SANITARY LANDFILL

Nonattainment considerations - None.

1
2
3

Average: 25% if 1 hour value
From USEPA (56 FR 7232, 2/21/91)
(Ann. Conc.) + (Safe Level)



TABLE 3 (Cont'd)
AIR STRIPPER EXHAUST GAS

IMPACT/COMPLIANCE EVALUATION
KUMMER SANITARY LANDFILL

B. Toxic Air Compounds

-The ground level concentration, at the nearest property boundary, is 36,000 x
less PEL - based on safe levels.

Maxdmum PEL - based Fractional

Compound  1hr conc. 8 hr Conc.4 Safe Level® Impact
TDCE 0.32 0.22 7930 0.000028
vs 1.0

4 USEPA: 70% of 1 hr value
5 At1% of PEL.
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4.1 OVERALL PROTECTION OF
HUMAN HEALTH AND THE ENVIRONMENT

The proposed alternative reduces the risks associated with
groundwater contamination by pumping and treating contaminated
groundwater in a comparable manner as achieved in the selected remedy and

meets the intent of the criteria in the ROD.

42 ARARs COMPLIANCE

The proposed alternative for the Site meets or exceeds
ARARs as discussed in Section X(B) of the ROD. It is expected to meet MCLs
within 10 years of treatment, which is equivalent to the selected alternative in the
ROD.



4.3 LONG TERM EFFECTIVENESS AND PERFORMANCE

The proposed alternative utilizes the same groundwater
pumping component and a comparable treatment component as the selected
alternative. Elimination of the groundwater contaminants achieves the same

degree of long-term effectiveness and permanence as the selected alternative.

4.4 REDUCTION OF TOXICITY,
MOBILITY OR VOLUME. THROUGH TREATMENT

The proposed alterative achieves the same degree of
reduction of toxicity and mobility as the selected remedy and achieves a better
reduction of volume because the inorganics treatment generates less sludge
requiring land disposal and the air stripping achieves MCLs without the

generation of contaminated carbon.

4.5 SHORT TERM EFFECTIVENESS

The proposed alternative achieves the same degree of short
term effectiveness as the selected alternative.



4.6 IMPLEMENTABILITY

The proposed alternative is equally implementable as the
selected alternative and is being utilized at numerous sites in Region V including
the following four National Priorities List Sites in Minnesota: Lehiller/Mankato,
Waite Park Wells, Twin Cities Army Ammunition Plant and General
Mills/Henkel Corporation.

4.7 COST

The proposed alternative is more cost effective than the
selected alternative for both capital and operation/maintenance costs. Following
is a summary cost comparison. Detailed cost estimates are shown in Tables 4
and 5. Costs for groundwater extraction, inorganics treatment, advanced

oxidation and groundwater recharge employ the figures from the FS.

Proposed Alternative Selected Alternative

Capital Cost $1,000,000 $1,370,000
~Annual O & M Cost $400,000 $512,000
Present Worth Cost (10%) $4,770,000 $6,200,000



DETAILED REMEDIAL COST ESTIMATE

TABLE 4

AIR STRIPPING WITH CATALYTIC INCINERATION

KUMMER SANITARY LANDFILL

Com ponent

Packed tower with blower
Controls & Instrumentation
Piping & Valves

Electrical

Site work

Foundation and clearwell
Building

Land Acquisition
Miscellaneous

Sub-Total Construction Costs
Contingency @ 20%
Engineering @ 15%

TOTAL CAPITAL COST:

Operating Costs

Electrical Power

Labor

Maintenance Materials
Monitoring

Insurance, taxes & licenses

Sub-Total Annual O & M Costs
Contingency @ 25%

TOTAL ANNUALO & M

Capital Cost

-8 18,000

12,000
2,000
3,000
3,000

35,000

30,000
3,000
S.0W

111,000
17,000

$ 150,000

Annual Cost

50,000
10,000
30,000

5,000

102,000
26,000

$ 128,000




TABLE5

REMEDIAL COST ESTIMATE
GROUNDWATER EXTRACTION AND TREATMENT
KUMMER SANITARY LANDFILL

Component Proposed Alternative Selected Remedy -
Groundwater Collection $ 300,000 - $ 300,000
Inorganics Removal 320,000 400,000
Organics Removal 150,000 440,000
Groundwater Recharge 230,000 230,000
Present Worth O & M! 3,770,000 4,830,000
TOTAL COST: $ 4,770,000 6,200,000

1Based on 30 year operating life discounted at 10% (9.43).



4.8 STATE ACCEPTANCE

The MPCA concurred with the selected alternative from the
ROD. The proposed alternative meets equivalent levels of the nine criteria and is

a better alternative because it generates less sludge and is more cost effective.

49 COMMUNITY ACCEPTANCE

The prop"ose&l alternative is comparable or superior to the
selected remedy and should therefore be acceptable to the community. Two of
the concerns raised during the public comment period were cost effectiveness
and sludge generation. As previously stated, the proposed alternative is better
than the selected alternative in both of those areas.
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prepared amlytioal for , oF other
epalytical procedures; and determination and ecntinuous snalysia for and/or

hydrocarbons by & heated {lame ictization snalyter (Beckman 400) and for
COx and CO by appropriate Beckman {nfrared spalysars. The flxme

jonisation detector JFID) wus calibrated for halohydroosrbon with the (eed stresm
W-passing the reactar an the sssumption that the published vapor presmure of the

The quarts tast reactor is abown in Figure . The feed blend is prebasted by the
firnace and the reactor sffluent as it flows past the estalyst bed in an anouier section;
Sow then reverses and continues through the estalyst monolith or the bed of entalyst
extrudate or gracules. The catalyst bed sectich was normally 7/8° diameter snd 1 long
the fixad beds of extruded particles were supported by a ahort seation of unaatalysed 400
oslla/te? cerumic (cordierite) monolith, The extalyst bed length and/or gas fiow rete
(normally L.5 liters [STP) per minuts) were adiusted m needed to obtaln spaoe velodities
otber than the usual 15,000 b GEBV (BTP).

Norznal test procedere

ARer the foed biend bad been analysed through the resctar bypams, the cutalyst wes
hesated to 400°C in the flowing faed blsod I feed dastruction was Jess then 90% at that
ecnditian, the tempersiure wes increased to achieve 90% destruction. The \emperature was
then sooled down at & reze of about & Climimute, whils the dagree of destruction was
eentimaualy monitored. Becsuse of ths reactor design, there were pormally only amall
tazpersture gradisnts (< §°C) across the ostalywt bed. For consistency, inlet
tamperatures have bean used for all of the dats preseated bare.

manolithic aupport was the 400 eellsn? Corning ecrdisrite coremic (squere oells, Smil
wull thickness) wsed in conventional sutomotive eatalytic convertars.

Products of satalytic destruction

Complete satalytic destruction of the feed halogensted crganios minimizes the
possibilities of production of hasardous produsts of incomplete combustions (P1Cs) sush as
oarbon monoxide (CO). It ia also important thas sufficient hydrogen be present in the
foed, sa arganic mattar and/ar water vapor, t0 tinimise production of chlorine gne






(C) rather than the dedired hydrogen chioride (HCD. In the ccasiocal measurements
of HCl and Ch yieid, the Ch wus slwgys below 30 yohens ppm ia tha efflusnt or less

than 6 percect of the total incrgania chioride prodused.

RESULTS
Ralevant prior studias

Although a mammmmmmmwww
destruction of volstile erganic capounds * echromis-alumings (typically
uuv.iw-kuhuducn&)mbhmhumdwmm

Manning® studied the kinetion of dastruction of methylene chloride (CEsCh) and
swveral polychlaringted ethylenss in maisiened ale with s recycle reactor containing a
commercially availsble 12 w.% CnOs an AlCs (040 om = .40 o pellets, Strem
94-0200). Ko conchuded that the reaction wae first ordar in the chlorohydroosrbon
(exoept balf arder for trichiorosthytene (CAECh]) asd betwesn sarc and first order
In axygen. The reaction was afightly inhibited by watar for ol of the

sxcept perchiorosthylane (C/Cl). However, the presencs of water
mmmmn—wummwmueo
from Lhe rescter, which prescmably cccurred as & result of the reaction of GrvQs with
mw(ummwmmummmm
oxychiorida, CrOvCh.

wammwmammdmmdm
(CH:CD with a powdar (1 mm diameter) arusbed fram anotber commaercially avelable
CyOuALOs (/9 Fellata, 19 w.% as CevOn, Harshaw). They alao coadiuded
that the reaction was first arder (or purbeps non-Snesr second arder) kn the
and zar0 order in Or. Becaase their rencticn gases wers dry (exoept

for prochuct H:O), they found selectivity to Ch (relative to ECD of 8-7 parcent;
this was sgnificantly less than would correspond to the full Deacon equilibetium (¢ HC +
Or €=> 2CL+ THO), which would be in the renge of 15-80 parcect for their
conditions. By contrast, Laidig’ had found selsctivities of 16-C1 percent Ch using
oopper-based extalysts. mmmmmmamn
mmmd&umhmmm

mmMnmUMdehueHunm
bmmmbuumamwummmd
dastruction of 1,2,4-trichiorober.sens with packed beds of either 20 w.%
Cos0rAlOr ar 0.5 w.% Pt-AkO: in 8.3 mm qyfindrical pellets at 500-800°C st
air-fsal stoichiometry and with 28% exoess &ir. Al least 800°C was required to achieve
£0% conversicn with either eatalyst, but the CryOnAbOs wes mare active in the
range of 500-800°C.
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extalysed bed in this process is Duidized (or, more ancurately, agitatad wup-dwiw

sir) iz an effort to counter the mppreasion of agtivity by chlorine (or chioride); it I
intendad that the continuous sbrasion and logs from the reacter of the chlorine~iaden
auter portion of the catalyst particles will szposs unpolsoned particies to

the reactants. hwmmwmdmmmmb

eackisve a [0 of about cne pound of catalyst per million eubic fet of gas trested, or
about 16 mg/'m’. A akid-mounsed ARI pliot piant, presumsbly loaded with chromis-ahumina
spherss par the ARI petact, was used by Radian Corpération under st EPA/Alr Foros contrect
In an extenaive study of the catalytic destruction of a nuzmber of ahiorinated orgenios and
hydrooarbons such as might be impurities in the exhaust air from efr strippere ased to
clean up contaminated soll or groundweter ™ This unit demonstraied $7-00%
destrution of the selectad mixtures of chiorinated argmnics ot & space veloaity of sbout
7000 hr (BTP) and 800°C. mwmwwmu
polychiorinated ethaties and ethylenes.

Although nobie metal catalysts have best studied for these reactiong MARISU,
thair performance bas pecaruily been inferior to the chromis-ahmninas, presumably beasuse
of the inhibition of the rate by the resctant chiSilydrocarbon and/or by the
chiorina/chlaride producis® Por sxample, & stully ¥ similer otherwiss w the
chromis-eluming Redisn/FPA/AF tests referred to above, ™ with aa Engalbard PUP4
bonayoomb catalyst reported destruction efficiencies of leas than 50% for simler mixtures
WMM-&WGHMM&&W

Resuits from this study

wmmm I arder 0 cormpare the new Alied-Signal
mmmmmv&mmmm s
chromis-aluming catalyst (1.7 w.% CrOy att AROs, 185 m¥/g) was obtained fram
Harshaw Chemical Co. and applied as a washeost to & Corning 400 cella/in! monclithic
catalyst support by a cogventional method® Cores of this extalyst (Cr-AlL 18°
diameter and 1° loag) were tasted along side similar sise units of the expertmantal HDC,
which were also prepared an the 400 calle/ls® Corning cordisrite support. :

Plgure § shows coaversicn-temperature curves for the HDC and Or-Al onolithe for the
dastruction of carbog tetrachioride (CClY), tasted at 1000 volumae ppm at 16,000 bt
GEEV (3TP) in Ns containing 12% O and 10% HsO, Over 90% destruction was schisved
at about 888°C for the EDC, which was 500°C lower than was required by the Crl reference
ontalyst. The difference in «ficdancy {5 even mare pronounced for bensens (Migwe O
whioh required 228 °C for 59% destruction with the HDC.and 400°C for the CrAl eatalyst.
For this comparison, the benzene level was 800 volume ppm (ppmv), sad HsQ level wes
3.5%. Figure £ shows that the activity &arence is jees for toluens, bt thet the HDC

m&mm:.mwmm&umwm'cwc
-
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mmmdmmmuuwsmmb
shown in Figure 8. Altbough this halogensted iydrooarban s diffioult for both
etalysts, 99% dastruction is actieved by the DHC at 405°C an compared to0 600°C for
CrAL 1o this teperaiure range, the ability 0 operste &2 lower tamperstirus may have
cndcrbpctmmknuhnny wmmummwm
the lower taxperature cperation. ]

mmmuumhm@umm
wumammmmwwmdmm
resulits for such catalyst in paciced beds and Guidised systems. The considerubly betier
performance of the Allled-Signal HDC campared to Cr-Al suggesta that it might be usable
{n Sxed bed proocssses at much lower temperetuzes than CrAl without the probleems
emsociated with fluidised bed operation, inchuding the emissicn of fing helogen-lades
ontalyst particulates, or the provision for trapping and eollection of such potenstialy

Excsastric giudies with the Allied-Signal HDC. The effect of water conosntruticn on
earbon tetrachlorids destruoticn by the new estalyst ks shown in Figure 7, whare the
destruction efficlency ix shown to dacrense as tha watar level s inoressed Srom 1.5 0

The stabllity of the HDC ot these operting eonditions is alea shown n Figare 7. AL
sach water level, the catalysts were operated with Lhe test gus at 875°C for over 48
hours and then retested; the curves fiw the retast were Dot distinguishable from the

tests st either water level The test at the 10% H-O level wag continued

1600 hours, after which the conversion at 850°C was still sbove 09%; during the

1800-hour tast, the benrens cnversion-tanzpersture profie actully shiftad slightly to
lower tacaperetires, reflecting an knprovement tn activity for Cdl destruction. Ins
parallel tost, it was damocetreted that destruction of CCl without water vepor in the
feed cxused antalywt deactivaticn and, of courws, produced significent amounts of Ch
inetand of tha HCl asually produced. This deraonstrates the impartance of watar vapor i
gmmmmmhmmmmmm

Figure 8 includes plots of the destruction of 1,1.8-trichloroethans (CREC-CHCD -
8t 450 ppmy and &t two gas flow rates. At ths 09% conversion leval, oparetion at the
mm-mmwcm(mnmwm'cwdmm'c
required at the higher rate.

A somewhal nagative order of Lhe reastion with respect to the 1,1 3-trichlorosthens
s indioated In Figure §. The nine-fold incresss in balogenated crganic from 60 to 450
p‘:wmwwmmmmmwam‘cmu
higher rats.

. The new balohydrosarbon destruction satalyst can alse be prepared as an extrudsts,
gramules, or in pelet forms for use in fixed bed reactors. Figure 10 abows resujts for
CCl with the catalyst in the form of 1/16° extrudates at two different gas flow rates; |
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the plot for the 400 cella’in’ manalithic astalyst is also shown for commperisen. It s
obvious that the extrudats bed gives samewhst better perfarmance than the manclith at the
exoe flow tete, but the back pressure is, of courve, much grester in the extrudate bed

The relative ease of destruction of the chiopamethanes by the HDC s shown in Figure
11, st concentretions of 500-000 ppmxv. The eass of destruction as shown increases
mmmma&wum(ﬁw-mmdw
atoms increases; this in spite of an incressing actual Ct atom occocentretion across the
series from 600 ppan (C atom) for CHCI to 3,600 ppm (Q atom) for CCle. The
observed arder of stabllity is In the same order as the Jowsst bond Eamsociation energiss
(LEDE'#®), but ls opposite to that found by Band and Sadeghi for destruction of the
with several Pt-AkOs sntalysts® The LEDE's and the
temperstures required Lo achieve 0% destruction with the HDC ostalyst are tabulated
bere, slong with the temperature required to achieve 00% destruction by thermal
oxidsticn, sa reportad by Tayicr and Dellinger® Tha EPA® has rankad thase
WM&MM&&MM&MM:
ccu.ca.aca-a-.m- .

Lowest Bond Dissociation Energies (LEDE) and the

LEDE

boal/ 1968, T00%.

mole Thermal HDC
G 08 808°C >880°C
CH:Ch ™0 T88 01
CHCh o %8 87
OCu 4 %0 340

It is cloar that the relative ssse of breaking the weakest chiorocarbon bond correlates
well with the relative sase of destruction by the HDG, and b probably the factor which
dstermineg the relative eass of destruction. NKJMM&NMW
factor in thely destruction over tha Pt-AlOs catalyst of Bood and Sedaght®

m-%-kmdmwmﬁlﬂwww
chiorinated analogues (over the new EDC) is lustrated in Figure 12; the Lacsperstures required
for 9% souversian are 380°C and 820°C for flusrcbantene snd chlorobensens, respectively at
these conditions. Simlarly, 1.2-difluoroethans and 1.9-dichloroethane were found to give very
similar eonversicn-tempecaturs curves over the HDC, as Mustrutad for the former in Pigwrs
18. That figure also ahowy the greaier sase of catalytic destructisn of the gaminal
dbaloetbanes (1,1-dfBucrosthane) relative to the yigios] compamd (L3-diffuarosthans). Thia
& erence is alsc consistent with a greater sase of destruction by the HDC af the compound
m;mmmumrmrcmmarmmm.
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PERCENT CONVERSION OF CHIOROCARBONS
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Figure 11, Destruction of the C-1 chiorocarbons over
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CHLOROBEMZENE OR FLUOROBENZENE
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OCONCLUSION

Resits heve been presacted for the destruction of & mumber of diverse chiorinsted sod
Sucrinated

proportonad to the pxmber of halogen atoms per molesuls.
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